DEPARTMENT OF THE ARMY
COLD REGIONS RESEARCH AND ENGINEERING LABORATORY, CORPS OF ENGINEERS
HANOVER, NEW HAMPSHIRE 03755-1290

June 16, 1986

Applied Research Branch

PRy

Mr. Charles E. Smith

Research Program Manager

Technology Assessment and Research Branch
Minerals Management Service

647 National Center

Reston, Virginia 22091

Dear Charles:

The Canadian Climate Centre is undertaking the publication
of a Marine Icing Newsletter to "provide a forum for the
exchange of information to enhance progress in marine icing
research." I've reproduced the copy I received so you could
be aware of their activities.

Sincerely,

Seto L st

1. David Minsk
Research Physical Scientist
Applied Research Branch
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Following the recent International Workshop on Offshore Winds and
Tcing at Halifax, Octcber 7-11, 1985, and the Third xpternatlonal
Workshop on Atmespheric Icing of Structures held at Vancouver,
May 6~8, 1986, it seems appropriate that an attempt be made to
. try and continue the exchange of marine icing related information
fostered by these international gatherings. The marine icing
research community is far-flung: Canada, USA, Norway, Japan,
Finland, Sweden, Great Britain, USSR, Poland, Germany and Iceland
are countries known to have an interest in the marine icing
prcblem. The aim of this newsletter is to provide a forum for
the exchange of information to enhance progress in marine icing

research.

The Canadian Atmospheric Environment Service has kindly offered
the necessary resources to allow me to coordinate and distribute
an informal newsletter. our interest in the newsletter is to
help further one of our goals which is to develop a
climatological/operational capability to quantify the ice
accretion hazard on vessels and offshore structures. In order to
he successful, the newsletter will require the active
participation of members of the marine icing community. To
facillitate production, 2ll contributions should be sent in a
format where they can be included directly into the newsletter.
Because translation resources are not available, contributions
should be in English or French if poss;hle. There will be no set
organization .to the newsletter as the aim is to provide a very
informal forum for the exchange of information. All matters
relating to marine icing and the marine icing research community
will be welcome, in particular:

- descriptions of research/data collection programs

- case studies of severe offshore icing events

- information on up-coming workshops, symposia etc.

- marine icing forecast programs

- information on up-coming publications

-~ statements of capabilities

- general news on the location and research activities

of members of the marine icing research community.

In this first issue, I have included brief reviews of the two
recent workshops mentioned above, and a list of recent-
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publicaticons which have been brought tc my attestion. Also
included is the preliminary distribution list which was obtained
from participants at the two workshops. This is by no means
complete and a number of countries are not represented, notably
Japan and the USSR. I would appreciate hearing about any
potential contacts in these areas.

Correspondance should be addressed to:

Ross Brown

Atmospheric Environment Service
Canadian Climate Centre
Hydrometeorology -and Marine Division
4905 pufferin Street,

Downsview, Ontario,

.Canada M3H 574

Phone: (416} 667-4833

Up~coming/New Literature on Marine Icing:

—————— T T O P S S S o W Y YD D i b o S S o e i

Zakrzewski, W.P., 1986: Icing of Ships. Part I: Splashing a Ship
with Spray. NCAA Technical Memorandum ERL PMEL-66, 74 pp.

Pease, C.H. and A.L. Comiskey, 1985: Vessel Icing. in Alaskan Waters
1979 to 1984 Data Set. NCAA Data Report ERL PMEL-14, 16 pp.

overland, J.E., Pease, C.H., Preisendorfer, R.W. and A.L. Comiskey:
Prediction of Vessel Icing. In press, Journal of Climate and
Applied Meteorology.

1986/87 Marine Icing Studies at the Canadian Climate Centre:

- —— =3 —— — —— . . . . ———— -

During 1$86/87, the Canadian Climate Centre will be undertaking a
comprehensive program of data collection and model development
following several key recommendations of the Halifax Workshop.
The work carried out includes:

(1) updating and documenting the vessel icing data set
resident at the Atmospheric Environment Service,

(2) determining the specifications for vrig- and
vessel~based field collection programs of sea spray
flux information,
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developing a sea spray icing model suitable ?or
application to ©¢il rigs and offshore structures,

evaluating currently available rig and vessel icing
medels for use in Canadian waters,

continuing the Canadian east coast icing monitoring
program for offshore rigs and supply vessels started
in 1985/86.

The work totals C$50,000.00 and will be contracted out to private
industry within Canada. This program is hoped to be continued in

1987/88

with implementation of field programs for collecting sea

spray flux information on vessels and offshore structures.: The
ultimate, aim of this work is to develop the capability to
quantify the icing hazard for vessels and structures operating in
Canadian waters. The 1986/87 program is anticipated to start in
July, 1986 and finish by March, 1987.

Recent Workshops:

——— o

International Workshop on Cffshore Wwinds and Icing,
: Halifax, Nova Scotia,
October 7-11, 1985.

The waorkshop objectives were:

- to provide a forum for the exchange of ideas and
information related to winds and icing offshore,
and,

- to identify the needs and concerns of industry,
government and the research community in these
areas. :

18 papers were presented in the four sessions devoted to ice
accretion which covered icing case studies, icing models, icing
forecasting and measurement of icing and related data. A total
of 5 countries were represented including Canada, USA, Norway,
Finland and Sweden. Each session was followed by very successful
discussions which resulted in a consensus set of recommendations
for further work in data collection and model development. These
recommendations were included in the workshop proceedings which
most of you reading this will have received some time ago. Those
wishing to obtain a copy of the proceedings can do so by sending
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¢$50.00, made payable to the Receiver General of Cagada, o the

above address. f
t

Third International Workshop on Atmospheric Icing of Structures,
Vancouver, British Coclumbia,
May 6-8, 1986,

While the main focus of this workshop was on atmospheric icing
and its impact on the electrical industry, there were some marine
icing papers presented, and some interesting results from the
model development point of view. A copy of the conference
program is provided along with abstracts for papers of potential
interest. Paul Zakrzewski's ship icing model was of particular
interest because of his efforts to better describe the
characteristics of the spray flux generated by a sea-going
vessel. : Also of interest was Jean-Louis Laforte's presentation
on the microstructural properties of ice accreted £from saline
water. . Persons wanting coples of any of the workshop papers can
obtain these from the authors concerned or from myself at the

above address.

Hivrrdramatranralnmg and Marina Divieion
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5. Ackley

T. Agnew

H. Beal

J. Benoit

A. Comiskey
M. Coolen

M. Danks

I,.. Davidson
A. Earle

D. Feit

D. Finlayson
K. Finstad
E. Gates

I. Horjen

0. Houmb

T. Jandali
R. Jessup

S. Jorgensen
J=L. Laforte
J. Launainen
G. Liljestrom
S. Loset

T. Low

I. Lowe

E. Lozowski
K. MacDeonald
L. Makkonen
C. Mason

B. Maxwell
D. Minsk

P. Mitten

L. Muir

T. Murphy

0. Mycyk

J. Nauman

Jg. Overland
. Pease

R. Portelli
B. Power

W. Richards
¥X. Ryan

A. Saulesleja
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Cold Regicns Research Laboratory, USA
Canadian Climate Centre, Canada
Atmospheric Environment Service, Canada
Mobil 0il Canada Limited

Northern Technical Services, USA

Mobil 0il Canada Limited

Maritimes Weather Centre, Canada
Seaconsult Limited, Canada

Newfoundland Weather Centre

National Weather Sexrvice, USA

NORDCO Limited, Canada

University of Alberta, Canada
University of Alberta, Canada —
National Hydrotechnical Laboratory, Norway
Oceanographic Company of Norway
Atmospheric Research Inc., Canada
Atmospheric Environment Service, Canada
Norwegian Hydrotechnical Laboratories
Universite du Quebec a Chicoutimi, Canada
University of EHelsinki, Finland
Gotaverken Arendal AB, Sweden

Norwegian Marine Technelegy Research Inst.
KelResearch Corporation

National Research Council, Canada
University of Alberta, Canada
Atmospheric Environment Service, Canada
Technical Research Centre, Finland
Bedford Institute of Cceanography, Canada
Canadian Climate Centre, Canada

Cold Regions Research Laboratory, USA
Debrocky Seatech(NFLD.) Limited, Canada
COGLA, Canada

Husky/Bow Valley ECP, Canada

COGLA, Canada

Minerals Management Service, USA
NOAA/PMEL, USA

NOAA/PMEL, USA

Concord Scientific Corporation, Canada
Petroleum Directorate, NFLD, Canada
Atmospheric Environment Service, Canada
Canadian Coast Guard

Canadian Climate Centre

Mvdrometanroloav and Marine Division
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Mr.
Dr.
Mr.
Dr.
Dx.

gm Sy

Skey
Stallabrass
Swail

. Weisman

Zakrzewski

Maclaren Plansearch Ltd., Canada
Naticnal Research Council, Cazada
Canadian Climate Centre ;
MEP Company Ltd., Canada ’
University of Alberta, Canada

Hvdrameteoroloav and Marine Divigion
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Vancouver, British Columbia, Canada
May 6 - 8, 1986

Supported by:
© Canadian Electrical = Canadian Meteorological
Association (CEA) and Oceanographic Soczety
(CMOS)
£ Environment Canada
7> B.C. Hydro and

#» B.C. Telephone Co. Ltd. Power Authority



Workshop Objectives

Ice accurnulation on SiTUCTUTes 18 a serious and cosuly problem
affecting a wide variety of industrial and military applications,

Many engineers and scientists from diverse fields are working on

the probiem. For the most pant they have been working in
isolation.

This isolation was broken when the first international workshop on
atrnospheric icing of structures was held in the USA in June 1982,
and the second in Norway in June 1984, This third workshop aims

to reinforce the good work compieted in the first two and to:

L

»
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confirm and expand international cooperation

review and update recent progress on atmospheric ice and
snow loading

define goals for future research
establish a registoy of interested participams
make commitments to research

provide opporuaity for demenstrating imeteoroltogical
monitoring equipment :

Technical Review Committee

Al E. Boyer Ontario Mydro
Prof. Alan G. o )
Davenport University of Western Ontano

Beatrice Felin
Douglas E. Franklin
Dr. David G. Havard

Hydro Quebec
B.C. Hydro Research Div.
Ontario Hydro Reszarch Div.

Dr. Samy G.

Les E. Weish

David J. Armsirong

Krishnasamy
Dan . Miletich
David I. Phillips

Ountaric Hydro Research Div.
8.C. Telephone Co.

Aimospheric Environment
Service, B.C.

Armospheric Environment
Service, Ontario

Workshop Coordinator
B.C. Hydro

970 Burrard Stroet
Vancouver, B.C.
Canada V6Z IY3

Telephone: (604} 663-2938
Tetex: 04-34512

Program

e - gy |

Monday, 5 May 1986

18:00 - 20:00 Weicome and

Sheraton Villa [nn
Registration

Tuesday, 6 May 1986

07:00 -
69:00 -

09:15 -

12:00 -

13:30 -

Authar’s Breakfast Sheraton Villa Inn

Opening Address — BC Telephone Co.
Mr. Robert H. Stevens (Auditorium)
Vice-President, BC Telephene Co.

Session I - Meteorology .
Co-Chairmen: Les Welsh, Atmospheric Environ-
ment Service, Canada; Norman W. Brodie, P. Eng.
B.C. Hydro Research Division.

1.1 **Mesoscale Structure of Icing Storms Over the
Canadian East Coast and Ontario” by Dr. T.B.
Low, Kelresearch Corp.; R.E. Stewart and J. K,
Thompson, Atmospheric Environment Service
- Oniaric, Canada.

1.2 **Ten years of Standardized Field Ice Accretion
Measurements in Quebec’ by Béatrice Félin,
Hydro Québec, Canada.

1.3 *‘Icing Rates on Sea-Going Ships”’ by Dr. W,
Paul Zakrzewski, Newfoundland, Canada.

1.4 **Measurement of Cloud Dropler Size and Size
Distribution With the FSSP and the Rotating
Mulii-Cylinders”’ by John B. Howe, Mount
Washington Observatory, USA.

1.5 *“*Observation of Sea Spray icing at Green
Island, British Columbia (19841986} (short
contribution) by H.T. (Bob) Beal, AES, and Dir.
Tarek Jandali, Atmospheric Research Inc.,
Vancouver, Canada.

1.6 “*Armospheric leing’”, 16 mm movie, 19 minute
English commentary by Jean-Francois Gayet,
Laboratoire Associé de Méteorciogie Physique,
France, (shott contribution}

13:30 Lunch BC Telephone Co
(Cafeteria)

Session 3 - Modelling
Co-chairmen:

Prof. fean Francois Gavet
Laboratoire Associé de Méteorologie
Physique, France

Béatrice Fé&lin, Hydro Québec, Canada

2.1 *Mapping of Snow and Ice Accretion
Occurrances From Synoptical Meteorological
Measurements' by Bernard Strauss, Méteor-
ologie Nationale, France.

i

BC Telephone Co.
{Auditorium}



2.2 *{ce Acoretion Data for Model Evaluation™ by
G.C. Castonguay, R. J. Kolomeychuk, Environ-
menial Appiications Group Lid., and Leslie E.
Welsh, Airnospheric Environment Service,
Canada.

2.3 “*Modelling Wet Snow Accretion in a Wind
“Tunnel” by Y. Sakamoto, CRIEPI, Japan; P.
Admirat, EDF/CNRS, J.L. Lapeyre, EDF/
DER, and M Maccagnan, A.A.A., France.

2.4 “An Operational Model for Rime lce
Accretion’” by Karen }. Finstad, Professor
Edward P. Lozowski, Profossor Edward M.
Gates, University of Alberta, Canada.

2.5 *“The Effect of Conductor Diameter on lce
Load as Determined by a Numerical lcing
Model'* by Dr. Lasse Makkonen, Laboratory of
Siructural Engineering, Technical Research
Centre of Finland.

2.6 ‘‘Meteorological Conditions for Wet Snow
Occurrence it France: Cajculated and Measured
Results ifi a Recent Case Study on § March
1985"" by Hervé Gland, EDF, and Plerre
Admirat, CNRS/LGGE, France.

2.7 “Extreme Value Analysis of Glaze lce Accretion
in Southern Ontario’” by Dr. Samy G.
Krishnasamy, Ontario Hydro Research, and
R.D. Brown, AES, Canada.

2.8 “Turbulent Dispersion of the Icing Cloud From
Spray Nozzies Used in Icing Tunnels’ by J.
Marek and Dr. William Olsen, NASA, Lewis
Research Cenire, Ohig, USA.

2.9 *Extended Use of the Icing Model to Estimare
Combined lce and Wind Loads’ by Dr. Magnar
Ervik and Svein M. Fikke, Norwegian Research
Institute of Electricity Supply.

2.10Update of Canada’s lce Accretion and Wind
Load Modelling for Electrical Transmission
Facilities Project’”, L.E. Welsh, AES, Canada
(short contribution)

18:30 - Formal Dinner Sheraton Villa fan

Most: Mr. Wallace S. Read, P. Eng.
President, Canadian Electrical Association

Guest Speaker: Mr. Gordon S. McKay, Past
Direcior-Generai, Canadian Climate Centre,
Atmospheric Environmert Service of Canada.

Guests: Mr. Robert H. Stevens, Vice-President,
BC Telephone; Dr, Harry M. Ellis, P. Eng. -
Director of Research, BC Hydro

b

Wednesday, 7 May 1986

~pvpy.

07:00 - Author's Breakfast ¢ Sheraton Yilla inn
09-00 - Session 3 - Physics of leing BC Telephone Co.

Co-Chairmen: {Auditorium}
Dr. Lasse Makkonen,

Technical Research Centre of Finland

Dan J.Miletich. BC Telephone Company, Canada

1.1 “*Theorstical Study of the Heat Balance During
the Growth of Wet Snow Sleeves on Etectrical
Conductors™ by Jean Claude Grenier,

U 8.M.G., Pierre Admirat, EDF/CNRS and
Michel Maccagnan, A.A.A., Grenoble, France.

3.2 **The Influence of Several Factors on the Local
Heat Transfer From an Isothermal Cylinder’ by
Roy Naren, Professor Edward M. Gates and
Professor E.P. Lozowski, University of Alberta,
Canada.

3.3 “*Comparison of Droplet Size Measurements by
Three Methods” by J.R. Stallabras, NRC,
Canada.

3.4 *‘Microstructure and Mechanical Properties of
Ice Accretions Grown from Supercooled Water
Droplets Containing NaCL in Solution™’ by
Professor Jean-Louis Laforte and Lise Lavigne,
Université du Québec & Chicoutimi, Québec,
Canada.

1.5 ‘*Quantitative Results and Proposed
Mechanisms on Wet Snow Accrerions in the
ishiuchi Wind Tunnel Facilities” by P. Admirat,
EDE/CNRS, Grenoble, France; Y. Sakamoto,
CRIEPI, Tokyo, Japan; J.L. Lapeyre,
EDF/DER: M. Maccagnan, A.A.A., Grenoble,
France.

3.6 “‘Experimental Studies of Ice Accretion on
Rotating Wires in an Instrumented Wind
Tunnel; by Pascal Personne and Jean-Francois
Gayet. Laboratoire Associé de Méteprologie
Physique, Université de Clermont, France.

3.7 “Performance Requirements, Design and
Operation of the [owa Icing Wind Tunnei’” by
Seba Jovic, Dr. Robert Ettema and Dr. John F,
Kennedy, University of lowa, USA.

3.8 A Wind Tunnel Study of Mechanisms of Sea
Spray Icing’" by Professor Jouko Launiainen
and Markku Lyyra, University of Helsinki,
Finland.

3.9 “Use of the LAMP Open Wind Tunnel for
fcing Research’ (four minute video cassetie) by
Pascal Personne and Jean-Francois Gayet.
Laboratoire Associé de Méteoroigie Physique,
France. {short contribution)

12:00 - 13:30 Lunch



13:30 - Session 4 - leing Data BC Telephone Co.

Co-Chairmen: {Auditorium} V £

Stephen F. Ackley, CRREL, USA Thursday, 8 May 1986 ¢

Doug Frankiin, BC Hydro, Canada £

4.1 “Close-Up Movies and Other Experimental 700 - : K o
Evidence for Modifying the Current ghysical 07:00 - Author’s Breakfast Sheraton Villa Lan
Model for ice Accretion on Aircraft Surfaces” v 09:00 - Session § - Aerodynamics of B
by Dr. William Olsen and Ernie Walker, P B e Simamics o B drephone Co.
NASA, Lewis Research Centre, Ohio, USA.

4.2 **A Method by Which Atmospheric Icing is Ca*Ch?imftt_l:Alan_ E.W. Ford, Electricity
Measured From Mountain-Top Sites” by John . Coungil, United Kingdom
W. Govoni, US Army CRREL, New Hamp- Dr. Dave Havard, Ontario Hydro
shire, USA; and Alfred Oxton and Kenneth Research, Canada

Rancourt, Mount Washington Observatory,

New Hampshire, USA., 5.1 **Compressive Strength Measurements of

Atmaospheric lce’’ by Jacques Druez, Pierre

4.3 “Micro-Processor Controlled Solid-State _ MeComb m [iniversitd
Anemometer ang lce-Detector’ by Charles H. stéboercn ;Ega%u‘{im%a?;ihé}am“mte du
Franklin, Franklin Engineering Co., Michigan, ' *

USA; and John B. Howe, Mount Washington 5.2 “The Numerical Caiculation of the Wind Force
Observatory, New Hampshire, USA. Cosfficients on Two-Dimensional lced

Structures” by Plerre McComber and Gilles
Bouchard, Université du Québec 3 Chicoutimi,
Canada.

4.4 “Observattons of lce/Water Interactions and Ice
Formarion on a Mode] Intake Section in
Simulated Cloud Conditions'" by Sue J. Downs, _

Rolls Royce Lid., Derby, Ué“m ngdom: 5.3 “The Growth and Disappearance of Ice Loads
4.5 “Development of a Composite Technique in the en 2 Tall Mast” by Pertii Lehtonen, Finnish
Determination of the Tensile Strength of Impact Broadcasting Co. {YLE), Finland; Kari Ahti,
Ices'” by R.J. Scavuzzo; M.L. Chu and P. Lam, Finnish Meteorological [nstitute, Finland; ancd
University of Akron, Ohio, USA. Dr. Lasse Makkonen, Technical Research
4.6 “Measurement of Adhesive Shear Strength of Centre of Finland.

Impact [ce in an Icing Wind Tunnel” by M.L. 5.4 **An Experimental Study of Aerodynamic

Chu: R.J. Scavuzzo, University of Akron, .
b ? . : Aspects of Wet Snow Accretion on Overhead
Ohio, USA; and W.V. Olsen, NASA, Lewis Lines” by W.T. Eeles, B.D. lames and D.A.

Research Cenire, Cleveland, Ohio, USA. Castle, Electricity Council Research Centre,

4.7 *“lce Observations in Newfoundiand and United Kingdom,
Labrador’* by Desmond Butt, Newfoundiand
and Labrador Hydro, Canada. 5.5 **Interaction of ice and Wind Loading on
4.8 ““The Development of a De-Icing Weather Guyed Towers’ by Professor Alan G.
Station Which Uses No Heat’', The Pneumatic Davenport, University of Western Onzario,
Automatic Weather Station (PAWS), by lan Canada.
Strangeways, Institute of Hydrology, Reading, 5.6 “Collection and Reproduction of Natural lce

LJ.X. and Dr. Rick D. Hudson, Polar Tech

Ltd., British Columbia, Canada, Shapes on Overhead Line Conductors and

Measurement of Their Aerodynamic

4.9 **Application of Electro-Impulse De-lcing Characteristics’ by Lakis T. Koutselos and Dr.
(EIDI} to Ice-Covered Structures” by Richard Michae! J. Tunstall, Central Electricity Research
Ross, Ross Aviation Associates; and Glen W. Laboratories, United Kingdom.

Zumwalt, Wichita State University, USA.
4,10 **Ice-Free Anemometer, Laboratory and Field 5.7 *“*Accretion and Shedding of Ice on Cables

Testing”” by Dr. 5.G. Krishnasamy, Ontario Incorporating Free Streamline Theory and the
Hydro Research: F. Kuja and J. Motycka, Joule Effect” by Dr. J.W. Elliott and Prof. C.
Metrex Instruments Lid., Canada. . Poots, University of Hull, United Kingdom.

4.11 “Current Ice Load Measurements in Norway’ . 5.8 “The Effects of leing and Wind Loads oni 2
by Svein M. Fikke, NVE: and Bjorn Dag Simuiated Power Line’” by lohn W, Gevons
Evensen, Statkraft, Norway. (short and Stephen F. Ackley, US Army CRREL. New
contribution) Hampshire, USA.
£9:30 - Informal Discussion — Sheraton Villa inn !
Muodeiling. {Central 3) 12:00 - 13:30 Lunch B.C. Telephone Co.
{Cafeteria)

Maximum aitendance: 40

4 5



13:30 - Session 6 - Practical BC Teteph . ) .
ession ractic eiephone Co GU@S‘E. p}.{}
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Co-Chairmen: Svein M. Fikke, Norwegian

Meteorological Institute, Norway
Professor Alan Davenport, University Monday, 5 May 1986
of Western Ontario, Canada.

¥ it W

4.1 ““Wet Snow Management'™ by Gaston Dumas, 18:00 - 20:00 Welcome and R:gist:éts‘on

ERGH, France; and Y. Sakamoto, CRIEPI,
Japan.

6.2 **The Countermeasure of Icing on the

Transmission Lines by Conducting Heavy
Current”” by Masaru Yamaoka, Isac Ohtake, Tuesday, 6 May 1986
Hokkaido Electric Power Co., Japan; and Goro

Wakahama, The Institute of Low Temperature

Science of Hokkaido University, Japan. 08:30 - Bus leaves for sight-seeing tour of Lower

Mainland shopping centres and stops of interest.

6.3 *“‘Prevention of Wire cing by Joule Heating'’ Your tour guide will be Jane Armstrong.
by Pascal Personne and Jean-Francois Gayet, Transportation will be provided by Grayline Bus
Labarat.oia;e Associt do Méteorologie Physique, Tours.
Universite’de Clermont 1, France. 10:30 - Arrive at Expo East Gate. Guests will be free to
6.4 “A Study of AC and DC Flashover wander around the Expo site, using their 3-day
Performances of lasulators During lce passes, returning to the East Gate (by the Expo
Accrc!iﬁp" by M. Fgrzanih, Eniversité du Centre) at 4 p.m.
Québec & Chicoutimi, Québec, Canada; and N. £16:00 - Bus picks up from East Gate and returns o
Sugawars, Kitami Institute of Technology, Sheraton Villa Inn.

Hokkaido, Japan.
! P 18:30 - Reception and Dinner at Sheraton Villa Inn,

6.5 *‘Reduction of Tower Head Dimensions
Through Galloping Controls” by Dr. Dave .
Havard and C.1. Pon, Ontarip Hydro Research,
Canada; and J.C. Pohlman, Consultant, USA. Wedn esday ™M ay 1986 ~ Free

6.6 “Prediction of Combined Wind and Snow

Loads for Overhead Line Designs Using

Synoptic Climatological Data” by Alan E.W,
Ford, The Electricity Council, United Kingdom. Thursday 8 May 1986 - Free

6.7 “The Combined Ice Plus Wind Loading on I

Transmission Line Structures” by Dr. Marvin
E. Criswell, Ph.D., P.E., Colorado State

University, USA. If you have any special places to visit or people to contact,
6.8 **A Utility's Recent Experiences With please get in touch with your hostess. Jane Armstrong &t

Devastating Ice Storms and a Program in {604) 266-0683 to see what can be done.

Response’” by T.E. Tymofichuk, Manitoba

Hydro, Canada. (short contribution)

6.9 “‘Communication Tower [cing in the New
England Region' by N. Mulherin and Stephen
F. Ackley, US Army, CRREL, USA.

17:00 - Closing Remarks — Workshop Coordinator

-

- W



Attendance

g

Namse

Ackley, Stephen F.
Admirat, Pilerre
Armstrong, David J.
Asgeirsson, Samuel
Bergen, Ray E.

Boyer, Al

Brodie, Norman W.
Brown, Ross D.

Bust, Des

Coulombe, Louis
Crisweil, Dr. Marvin E.
Davenport, Dr. Alan G.
Downs, Sue

Druez, Prof. Jacques
Eefes, W.T. {Trefor)
Elliott, Dr. John W,
Ervik, Dr. Magnar

Evansen, Bjorn Dag ®

Farzaneh, Masoud
Felin, Béawrice

Fikie, Svain M.
Finstad, Karen

Ford, Alan E.W.
Frankiin, Charies H.
Franklin, Doug E.
Fuchs, Werner

Gates, Prof. Edward M.
Gayet, Jean-Francois
Gland, Herve
Hamner, Jack
Havard, Dr. Dave G.
Hesse, Karl

Howe, john B.
Howland, R.V. (Bob)
Hudson, Dr. Rick D.
Huise, Hugh
Jaakkola, Yrio
Jandali, Dr. Tarek
Jarpenge, Bengt
Jonasson, Arni Bjorn
Jovic, Srba

Keene, Doug
Knuisson, Agust
Kolosmeychak, Richard I,
Koutselos, Lakis T,
Krishnasamy, Dr. 5.G.
Krokan, Armulf

LaForte, Prof. Jean-Louis

Laibo, Jorma
Lapeyre, fzan-Louis
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HESOSCALE STRUCTURE OF ICING STORMS OVER THE CANADIAN EZAST CDAST AND ONTARIO

T.8. Low
R.E. Stwwart
JoR. Thompsoa

ASSTRALY

The mesoscale strycture of several fcing storms in
zha Canadian Atlaatic Region and over Cntatrioc uas
examined using syunoptic, asatellite, rawinaounde,
radar, and surface ioformation. Precipitation wasz
found to mainly occur iz sasociation with froutal
pracipitation banda. Coid frontal passage itsalf
was commonly associazed with & pracipitacion-frae
period, implying that thesa fronts wars katabatic
in nsture. Pracipitation asount snd type varied
with the wmescscals featuzes, Snow, ics pellets,
antd fresazing tain ware found to oceur Lo the
storms. The sizmultasesus oeccurTence of two or murs
of theae pracipitation types was often a cooawon
situation in feing coaditions, rather than the
sceurrance of any singla precipitaticn Cype sious.

An {eing wodel was run o evaluats the dependencs
of sceration og effecta dus to the mesoscals nature
of tha freexzing precipitation which womnld produce
particles of an lce/water aixture. Forecasting of
{cing events and theixr cousequencas suat account
for the wesoscals pature of the storms 3 evidencad
by these observations, and by similazr obsarvations
cbtained over seathern Oatario.

1. LNTRODUCTION

The occurrencs of freezing precipitation is a
phenomenon which {s fouud only {n parts of tos
world whers precipitation can develop within an
aimospharic state which exhibits uppar level
{avearsions having amblant temperatures excesding
0*C overlying a lower, sub-freszing region.
Reglons in which this coabinstion of counditions
occur are  gensrslly {n the wid to extreme
latitudes. Wicthia Canada, thers are xzany such
aress which exparience freeziag precipitacion, for
sxsmpie, nhe heavily populatad aress of socuthemn
Gutarvio and Quebec. The highesr freguency of
gegurrence, howsver, L3 found in the Csnadian Zaat
Coast. Our exsmisacicon of weather records from
climatological archives have shown & freguency of
sccurrence fer freszing precipivacisn in
Hewfoundland {$t. John's} tu be in the ordar of 43
sercent during the Jaouary to April period.

A greater insight fato the physical
propercies of these precipitatlion eventa could lead
to & better understanding of thelr evolution, the
sharaczeristics of the resgltant fce sccunuliations,
and pathaps better forecasting of such evencs.
Recant workss tha amesoscals atructurs of winter

KelBessarch Corporation
Atmosphearic Enviornment Sarvice
Ataospheric Eanviroument Service

storms in Canads has rasuited in the examination of
& separate freszing storms, & of which occurved on
the East Coast, The results of these studies vars
compared to 4 others which occurred in Oatario.

2. STUDIES OF EAST COAST ICING STORMS

Pour East Coast lcing storms ware sxamined in ordar
to desgribe their mescscales struciure during
freazing pracipitation. These storms occcurred on:
Fabruary 14-16, 1981, Decembar 20-26, 1983, April
6-16, 1984, and Yebruary I4-256, 19835, Vhile tvo
of these storms will be described in mors datall
hurte, the tenainlsg two will be discussed in terms
of the dartailed tases.

The first of thase la recognized as the storm which
ied to tha tragic sinking of the "Ccsan Ranger".
Buring the passage of that storm over Hewfoundland,
precipitacion at St. Johm's evolved fraom smoderate
suow to freazing precipltation, and back 2o haeavy
snow  again. All of thess precipitation ware
ansoclaced with precipitacion  hands. In
particular, the fresazing precipitacicn, which
tasted for approximacely I hours, was associasted
vith & series of very narrvow {10-20 k= wida) bands
as shown {n Figure 1. These faatures were orientaed
parallel to and located just ahead of the surfsce
warm fronot.
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ICING RATES ON
SEA~GUING SHIFS

W. Paul Zakrzewskir

Visiting Scientist at C-CORE, MUN,
St. Jonn's, Newfoundland, Canada A18 JX5

*afrer leaving the Polish Academy of
Science, Institute of OQceancgraphy in
Sopot, Poland

ABSTRALT

Icing of medium sized fishing vessels
{MFV's) is discussed. To derive the local
ice growth rates the heat balance eqguation
+14 the icing surface is applied,
Application of this method to the ice
aceretion on the ship's superstructure and
bulwark is discussed. Formulas of the total
i¢ing rates and total ice loads on these
parts of an MFV are derived. Based on
Soviet data on the distribution of ice over
an MFV, the ratios of the ice load on the
ship's superstructure and bulwarks to the
teral lce locad on the entire MFV are found.
To estimate the total ice load on an MPV for
calculated ice loads on the ship's super-
structure and bulwarks a simple formula is
proposed. This method might be useful in
calculating the ship stability.

NOMENCLATURE

a temperature transfer coefficient
af air: also: grid net size

b grid net size

B breadth of the bulwark

Ca specific heat of dry air under

congtant pressure

Cw specific heat of water

d water droplet diameter

o diffusion coefficient of water
vapour in the air

& pressure of water vapour in the
aLe

F Ereezing ratio

51 total thickness of ice deposit

ah increment of thickness of ice
depesit per hour due Lo icing
(m/hr}

H height of the bulwark above the
deck

1 tndex of grid cell

4 index of time step

13 coefficient 1n Bg. (21}); number
of time sceps

L charagteristic dimension {in
metres)

Le latent heat of freezing

Lg latent heat of vaporization

Le the Louis number

) local icing rate [kg/m3s)

mr, m** time~averaged looal icing water

for the syperstructure and
bBulwarks {(kg/m°hr}, respectively

Ry

ne*, pr* total icing rates for the super--

structure and bulwarks {(kg/hr),
respectively
Mw, M**, M toral ice load on the super-
structure, Dbulwarks and =sntire
MFV, respectively
the Nusself number

Nu

= air pressure

Pr the Frandtl number

g heat filux .

r nuaber of cells in grid net

R direct spray flux to an object

Re the Reynolds number

8 salinity of seawater { %a}

8 surface area of a grid cell
exposed to icing

T temperature

TarTs:Td temperature {(*¢y of air,
water film surface and spray,
respectively

T3 spray temperature {°K)

Uig mean surface wind speed (m/s3)

Uy relative wind speed {(m/3)

v velocity

v ship speed {knots)

W molecular weight of dry air

4 potential distance  of spray
flight over an MFV

Xeor actual distance of spray f£light
over an MFV

X difference between X and Xesyp

a vessel heading angle

oy convective heat transfer co-
efficlent of water

3 empirical coefficient in Eg. {14)

ParPwrp density of dry air, sgeawater
and ice

& freezing temperature

h# time

g Stefan-Boltzmann constant

u wolaecular welght of water vapour;
also: dynamic viscosity of air

v kinematic viscosity of air

INTRODUCTION

Icing of ships has been iavestigated
because of its effect on ship stabiliecy,
Studies of ice growth rates are important
for operational purposesg in order to predict
the intensity of icing and the moment of
loss of ship stability due to the ice load.

A number of reports on ice acgretion

rates on ships have been published in the
F.5.5.R.,, Canada and the 1U.S5.A. Among
others, Borisenkov and Pohelks {21, Rachurin
et al., 4], Panov [11] and Stallabrass [13,
14] developed aodels of ice growth on

Toopmoee



A WIND TUNNEL STUDY OF MECHANISMS OF 3SEA SPRAY ICING

by

Jouko Launizinan
Markku Lyyra

Abstract

{ce accretion under conditions of large Tiguid
water contants in the air was studiea, on the basis of
wind tunnel experiments. The goal of the study was ta
investigate the mechanisms of icing and the character-
istics of the ice deposits. Under stationary wel-growth
icing on a non-rotating cylinder, the convective heat
transfer coefficient, a quantity of primary importance
for the ice growth, was found to depend strongly on the
Tiquid water content in the air stream. New theoretical
arguments were presented o explain the above. In simu-
lation of marine icing the ratio of ice salinmity versys
water salinity was found to vary from 0.3 to 9.8 and
the observed ice salinity was compared to theoretical
estimates. Concerning the practical experiments in wind
tunnels, air modification due to evaporation from the
water spray was aiso discussed.

$. INTRODUCTIGN

In spite of the substantial efforts |1}, (2],
(31, i4], in understanding and medelling of the ice
accretion on structures, the models develoved so far
seem to he unsatisfactory, especially in the wet growth
icing. In addition to a general medelling complexity
this is due to lack of relevant experimental data and
ingufficient theoretical arguments.

A wind tunnel was constructad in Helsinki {Fin-
Tard} in 1982 for studies of ice accretion, This
sutdoor tunne] was constructed especially for wet
growth icing tests. On the basis of the winter time
experiments during 1982-1986, the mechanisms of icing
were studied; form and size characteristics of the
deposits, heat transfer, quantitative ice growth and
salinity, as well as special features resulting from
sait in marine icing. The adhesion strength of ice an
structures was also investigated. Results of these

tamd

studigs have bean reported eariier in (5] and (&I,

[ aea e I

University of Helsinki, Department of Gecphysics
Fabianinkaty 24 A, SF-00190 Helsinki, Finland

Three main toplics related o jcing and icing stud-
fes are discussed in this paper. The first one, the
modification of air in the funne! due 10 evaporation of
the water spray injected, is connectad with wind tunnei
installations. The second one, the convective heat
transfer coefficient, a quantity of primary importance
from the point of view of the quantitative ice growth,
is congidered theoretically on the basis of the exper-
imental results. Finally, results of the salinity of
ice, especially important from the point of view of the
adhesion strength of ice on structures in marine icing
are presanted and compared with theoretical estimates.

2. EXPERIMENTS

Figure 1 depicts the wind tunnel, which has total
length of 7.5 m. The distance of the water spray
nozzles {two vertical nozzles) from the test object is
3.5 m. The diameter of the main tube is 1.0 m and that
of the test chamber G.70 m. The 15 kW motor and the
axial fan are capahle of producing wind speeds from
5 te 28 m/s. The wind speed can be adjusted, but be-
cause of the outdoor wind tunnel, the air temperature
and humidity cannot be regulated. The air temperatyre
is measured both ocutside and inside the tunnel; a fem-
peraturg sensor is located inside the tunnel close to
the spray nozzies and i1 measures the upstream fempera-
ture in “dry”® air.

The water spray in the tunnel is producsd by
water and air passing the nozzles. The pressure values
for different water flow rates were chosen $0 that the
madian volume diameter (MVD)} of the droplets (according.
to the nozzle manufacturer) was approximately 50 pm.
The 1iguid water content and its distribution in the

- air ware calibrated a2gainst wind speeds and pressure

adiustments by using & rotating cylinder 7 of
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HICROSTRUCTURE AND MECHANICAL PROUPERTIES OF ICE
ACCRETIONS GROWN FROM SUPERCOCLED WATER DROPLETS
CONTAIHING Hall IN SOLUTION.

Jean-Louis Laforte
Lise Lavigne

This investigation compares some characterirtics
of ice accretions grown from fresh water droplets to
those of ice accreted from droplets containing small
NaCl additions, simulating sea spray icing. Ice accre~
tions were built up in 2 cold room at -18%C, on a
3.1 ¢m diameter horizontal cylinder, from 118 um mean
volume diameter supercocled droplets containing up to
2.0% MNaCl, Wind ve!acigy and liguid water content were
kept constant at 4 m/s and 3.2 g/m?, respectively. The
resyits obtained show that addition of Nall to water
forming ice accretions greatly lowers adhesive and
strength properties. It was aiso found that the densi-
ty of ice denosits grown under these conditions in-
creases slightly with increasing Nacl content of the
water, rising from 0.82 with pure water to 0.91 with
2.0% Nall brine. Thin section observation shows that
ice crystais in deposits grown from brine solutions are
equiaxial, while by comparison, crystal 1n accretions
of pura water are elongated in the growth or radial di-
rection, These observations may be interpreted as being
due to rejection of HaCl from ice- during the freezing
of droplets. These results, although preliminary, may
be useful in distinguishing between ice formed from sea
soray and atmospheric ice accretions. .

INTRODUCTION

Ice accumulation on ships and stationary struc-
tures in the marine enviromment can cause severe acci-
dents, loss of human 1ife and important material dam-
ages, Therefore, ship ifcing has long been recognized
as a serfous hazard. According to previous research
{1-3}, the main cause of ship iging in Arctic sea re-
gions i35 soray, which alone accounts for 50% of all
cases; spray combined with atmospheric icing accounts
for an additional 41% of ship icing, [cing attributed
to fog droplets and to precipitation alone gccurs rare-
iy {3 and 5% respactively). During an icing storm,
spray icing and atmospheric icing are often chbserved
simultaneously, and are not usually distinguishable
because these types of ice generally produce the same
problems. Sea spray may be generated in three ways {4}
by vessel movement through the water; Dy waves striking
against & statiorary structure; and by water droplets
wind-blown off wave crests. Analysis of icing reports
{5} indicates that several conditions must cccur simyl-
taneously for spray icing to built up on a structure or
shic, These conditions dre related to wind speed,
air temperature and salinity; but wave steenness and
current direction also nlay a role.

The purpose of the present work is to compare
some characteristics of ice aceretions grown from fresh
water droplets to those of ice containing smaill NaCl
additfons. The strength properties and the crystal tex-
ture are studied using various ice samples grown under
conditions clgse fo those commenly prevailing during
sea spray icing.

ey
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EXPERIMENTAL PROCEDURE

Ice acgretions are grown on a smooth aluminium
cylinder, 3.15 cm in diameter, placed horizontally in a
4. 8mx 2.8 mx 3.5mcold room, where a minimum temper-
ature of -35°C = 0.5°C may be sbtained. Supercocled
droplets are produced by twe spray nozzies located
1.8 min front of the aluminimum conductor {Fig. 1}.
Tap water solutions containing between 0.3 and 2.0% Na(Cl,
and 30% sea watar are supplied to the nozzles from a
large reservoir at a room temperature.

COLD ROOM
ALUMINIUM
CYLINDER
b -
— F-d 7 e
- TR S

FANS WATER SPRAY
O Em 18m

Figure 1 : Schema of experimental sat-up, showing
relative position of fans, sprays and
cytindrical collector.

in the present series of tests, air temperaturs,
wing velocity and Tiquid water content are keptconstant
at -18%, 4 m/s and 3.2 g/m? respectively. The mean
volume diameter of the droplet spectrum, measured using
the silver colloid f1lm method (6), is 118 um {Fig. 2).
The Yiquid water content (w) of the air {5 measured by
the single cylinder method (7). In order to abtain a
uniform air velogity profile, the wind is oroduced by 2.
fans placed behind 2 rectangular block containing small
tubtes. These growth conditions are chosen within the
capabilities of the existing sorey-oroducing facilityof
qgur experimental set up, and are felt tp represent con-
ditions that could ccocur in nature.

Before each experiment, the conducisr is care-
fully cleaned with hot water and goap; it is further



COMPARISON OF DROPLEY SIZE MEASUREMENTS 3Y THREE
METHOOS

J.R. Stallabrass, National Research Counct) of Canada

Mpasyrements in an icing wind tunnel of the
droplet size distribution made with & Forward
Scattering Spectrometer Prode (FSSP), an ociled siide
impactor, and a soot. stide qun show considerible
discrepancies between the varfous methods. The FS5P
measyrements showed the greatest consistency in
relation to the spray nozzle settings, wnile the soot
slide gun was the least consistant. This inconsistency
is believed to be, to & Targe extent, the resylt of the
smaller sample sizes involved.

When compared on the dasis of the median volume
digmeter {MVD) the oiled slide ang the soot gun results
compgred more favourabiy with each other thap with the
FSSP results. Except for MVD's of about 10
micrometres, the FSSP resuits were significantly lower
than those of the other methods. This appears to be
the resuit of occasional large drops observed by the
impactor methads, but too large to be sampled by the
F35P, emphasizing the importance of ascartaining that

- the appropriate characterization of the spectrum is
being used when comparing diffarent methods of droplet
size measurement.

INTRODUCTION

The standard method used for over 30 years at the
National Research Council of Canada for the measyrement
of the droplet size distributfa? En sprays and clouds
has been the Cfled Slide Methodl'), This method has
been used, not only in the ic¢ing wind tunnels and
angine test cells, but aiso from aircraft involved in
icing and cloud physics research. 0Oisadvantages of
this method were tne fact that the samples had to de
recorded by photomicrography within seconds of sampling
te minimize evaporation from the dropiets emosdded in
the oil film on the slide, and the tediousness of
sizing and counting the resulting droplet images on the
ghotograpn,

However, the eguipment regquired is inexpensive and
the resuits were considered to be of adequate accuracy
as long as the sampie contained a sufficient number of
droplets {usually about 1008) and, where nscessary,
coliection efficiency sffects were taken inta accouat.
If some of the smallest dropiets in the spectrum were
lost in the sampling, or not faken iAto account- in the
anadiysts, 1t was of 1ittle account in an icing context,
since they contributed little to the overall rate of
icing, or to the median volume diamerer {MVD) of the
droplet spectrum, The MYD provides that siagle
statisticai measure Inat best characterizes the droplet
distribution for icing work.

With the advent ?£ geg?isticated taser measuring
devices, some warkers:®*¥:7/ becan to question Ihe
accuraty of the oileg siide method, suggesting that it
overdgstimated the MVD by a factor of about 1.6 on the
assumntion that fhe lager devicss wers giving Lrus

Ty

measure of droplet size. We weras rather skeptical
antil saTg tasts we made an the icing of retating
cyliader }; these showed lower icing rates than those
sradicted by an icing model when the collection
efficiency was calcuiated using the giled siice
measuraments, We discarded the idea that the .
collection efficiency data of Langmuir and 3lodgert (S}
could be materially wrong, and decided that we should
do some comparative droplet sizing tests of our own.

We porrowed a Particle Measuring Systems’ [PMS)
Forward Scattering Spectrometer Prabe {FSSP) and also a
Seot Slide Gun of the type used by,??e Australian
Aeronautical Research Laboratories'’/.

Droplet size measurements wergz made in the icing
wind tunnel usiang infzially the same single spray
aozzle that had Seen used for the cylindar icing tests.
Later, tests were made using a different spray nczzla.
Because of the small size of the tunnel test section
(30 cm square) the FSSP could not be mounted axially in
the wind tunnel; so the standard axial sampling tube of
the {nstrument was replaced with one that was mounted
perpendicuiar to the axis, so that the body of Zhe FS5P
was situated outside the tunnel [Fig, 1].

MEASUREMENTS USING SMALL SPRAY NOZILE

Far these tests, the FS5P was operatad con Range 3
only, t.e. the nominal 2 to 30 un range. This was done
because extensive calibrations of this instrument had
been done on this range by EQ? National Center for
Atmospheric Research {NCAR)'®/, and later by the
Atmaspheric Environment Service (AES). A summary of
these calibrations is shown in Table 1.

Tanle
AES FSSP Channal Definitions (Range 1)
2-30 um Nominai Range

Midpoint wigth

Channel FMS Modified

NO . Limitsy Limits

i 1- 3 To0= 2.3 .65 1.3
2 3- 5 2.3~ 3.2 2.75 3.3
3 fa 7 1.2+ 4.9 4,05 1.7
4 Fe @ 4.8~ 7.4 6.15 2.5
g 9-11 T.4-11,5 3.2 3.5
5 1113 11.0-13,0 12.0 2.4
7 1315 13.3-14.8 13.5 1.3
8 18«17 i4.8-16.8 15,7 1.8
9 17-19 16.6+19.2 7.9 2.5
10 19-21 18.2-22.6 20.% 1.4
i1 21-23 22.6-25.2 23.% 2.5
i2 23-25% 25.2-27.0 26.1 PL8
13 28-27 27.0-20.0 8.5 3.0
4 27-2% 318.0-33.0 31.5 3.0
1% 2931 33.0-38.2 4.1 2.2
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ABSTRACT

The relative influencs of surface roughnass, free
gtream turbulance, and cross-secticnal shape on cthe
heat transfar distribucion  around an isothermal
cylinder were axamined. 4 laboratory apparatus was
conscructed to detarmine the local Husselt number and
its distributien around che upstrsas half of a cylinder
in crossflow. Tests weras performed at Reynoids numbers
of &0 000, 80 000, fand 120 00C to dacermine the
influsnce of thrae differenc sizaes of surface roughness
an ths heat tvansfax. The affact of £res scrasam
curbulence and cross-ssctional shape wars examined
using the resulus of ceals

I: was difficuit o sstablish tha relavive affect of
surface roughness, dus to the limitsd rangs of Reynolds
mumbers examined in the pressnt astudy.  Roughness
parametsrs such as  the size, shape, and surfacs
distribution of roughness elementa also differed
patrween studies pracluding any gensralizarions about
the Influences of surface roughnsss. Results dus to
others suggest that the Iinfluence of surface roughness
may producs the largest incrsass in the heat transfsr
around a cylindar, especially ac higher Raynolds
aumbers.

Free scream turbulence and shaps effscts both axhibired
rhe smallest incrasse in local and avarage heac
eransfar. Results dus to others indicace chac
eross-sectional shaps or turbulent intensities up vo 3%
can increase che averags haar transfer by 20% oo 0%
for the upstream half of the cylindar. The influence
of shape on cthe average heat cransfsr is not large
except at higher Reynolds numbers.

HOMENCLATIRE
Symbol Uniss
a depth of sach styip heater. [%}
E exposed surfacs avea of sach heater. [m*}
b nalf the width of the gap bevuwsen
adiacent heatsrs. {m}
o di{amater of tesc cylinder. (m}
h lseal cenvactive hest transfer
cosfficient. Wt 0]
4 charmal conductivity. tW/me 9
L Langch of the gap batween heavears. im}
A, +ve roots of Ajtan{ijaje /K. dimensionless
¥u  Nussslt number. dimensioniess
B alecryical pover. 9
Q heat flux (zotal or per unit area) (W] or {W/m~}
ze Reynolds mumber. dimensionless
T cempsrarure 192

parformed by othars.

ATy

8 local position (angle) on the cylindar measursd
from the stagnation line.

a spblant air.

s eylinder surface
{epoxy material between haaters}.

gap reglon betwesn heaters at the cylinder surface.

h alectrical heatsr on the cylinder. -

o nch roeg, o= 1,2,3,...

LEIRCOVCIION

An important component of an icing model Ls the staady
stata enargy balance calculaztion carrvied cut at the
surface of cthe accration. This ecaleulaction is
tacaszary to determine the freezing fraction and hance
the local rats of ice acerecion, An energy balancs is
comprisad of many terms Including  vadiagion,
convection, condustion into the acerstion, evaporative
hear flux, latant heat f£lux due o freszing of some or
all of the <{mpinging wacar, and the sensible haav
cransfer batwesn ?§§ impinging droplets and the surface
(Lozowski, et.al. y. In moar ilcing conditions, the
evaporative and cotuvective terms dominaca the energy
balance: therefore, it 1§ not necassary zo account for
every tarm in cthe surfacs enargy balance co obtaln a
good estimate of the local ice accration rate.

The magnitudes of che evapcractive and convective heat
cransfar turms are directly dependent on the wvalue of
tha local conmvective hear transfer coefficienc (h) at
she surfacs. A measure of che local heat transfer
coefficient is therefors required in an icing model zo
accuracaly pradict che local Zfcing race on a body. In
soms cases the gquancizy "h" can  be calculated
analytically: Thowevar, for most situations the heat
wangfar coafficient must be datarmined sxpsrimencally.
In crder to make an icing modal time dependant, it is
also important to account for any new surface or flow
condivions which wmay influsnce the magnicude and
diseriburion of the heat transfer cosfficient arv the
surface.

The object of this study was oo compares the relative
affects of che following chrse factors on the lecal
maat transfer discributisn  around an  isothermal
eylindse:

1. Surface roughnass
2. Crosi-sectional shape
1. Free stream turbulence



AN GPERATIONAL MODEL FOR RIME CE ACLRETION
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ABSTRALT

An Inexpensive and fast computer mode ] for the
_prediction of rime ice loads and accretion shapes on
cylinders nas BEEAdeveloped. The model makes use of
newly derived approximations for overail and stag-
nation line coilision efficiencies, which have beer
designed for the specific physical regime which re-
tates to marine, transpission line and aircrafy icing.
Parameterizations are used for the distributions of
iocal collision efficiency and local density, as wall
as to approximate the sffect of realistic droplet size
spectra. The model is time=dependent and can include
slow {#.g., torsional) rotation.

At present, the modal is most usefully applied to
wind tunnel icing experiments where the mateorclogical
parameters required as input are reasonably well
known. The fevel of local ciimatological knowledge
of these parameters heeded to implement such a model
in the field is discussed.

LIST OF SYHBOLS

DG diameter of water droplet
E overall collision efficiency
iwe liquid water caentent

mvd median volume diamezar of a droplet spectrum

R, radius of cireular cylinder

T ttail® length for simulated droplet spectrum
enilision efficiency gurve

] frem stream speed

o angle between locai surface noemal and the free

stream direction

2 ax maximum impingement angle

3 tocal collision efficiency

8, stagnation line cotlision efficiency
2 jocal rime ice density

2, stagnation line rime ice density

T, INTRODUCTION

The yltimate aim in studying the icing phenomenon is

the prediction of [Ls octurrence, whether of a particu-

lar event ar of the probability of extreme events.
As with other physicai problems, there are two
approaches one may vake towards achieving this aim.

[l X

The first is a statisticat approach, in which one
opserves a very large number of events {predictands)
45 well as their antecsdent or concurrent conditions
{pradicrors), and then examines the statistical
carrelations betwesn prediciors and predictands.
Cons iderable computational effort may be required to
estabiish a ‘best guess‘ for the most significant
predictors, and for the form of the predictive
relation.

The reliability of the cutcome i% highly dependent
on the number and guality of the observations. The
advantage of this mathod is that a predictive rala-
tion may be derived and applied in the absence of
any further understanding of the physical processes
involved, which may be very complex. But if the
observations are adeguate, and a decent corralation
can be found, it is the quickest way &F achieving
practical forecasting results,

However, its predictive skill is limited by the
szrength of the discovered correlation, and its
applicability is limited to the range of conditions
defined by the original observations. For icing
studies, this, of course, includes the geographical
range, since the character of icing problems has a
large regional variabilicy.

The other approach to prediction is that of model-
puilding. This is usually & theoretical mathema~
tical model, which attempts to simulate the inter~
madiaze steps, and (o anderstand the causal relation=
ships between the input conditions and the cutput
predictions. Producing such a mode! does take con-
sigerably more time and effort than producing a
statistical correlation, and the requirements for
the observational data are just as stringent,
Furthermore, no model can perfectiy reproduce a
given physical process or situation - there must al-~
ways be simplifying assumptishs made.

Bur the knowledge gained from the model is more
uriversally valid, within those assumptions, than

is any purely statistical relationsikip, and may pro~
vide important building blocks for more complex
medels. Even the simplest physical model might at
laast suggest what the most effective predictors will
we for 3 statistical study: thus if we find that
liguid water contents and clopd droplet sizes are of
prime importance in determining model lce accretion
rates, then collsctors of field data should take
sote, aven if these things are very difficuls to
obiserve.



